W e have performed a prospective single-blinded randomised study to evaluate the role of antibiotic-impregnated cement in the prevention of deep infection at primary total knee arthroplasty (TKA) in patients with diabetes mellitus. We studied prospectively 78 arthroplasties performed for osteoarthritis in such patients. They were randomly separated into two groups. In group 1 (41 knees), cefuroxime-impregnated cement was used while in group 2 (37 knees) cefuroxime was not added to the cement. The preoperative, intraoperative and postoperative management was the same for both groups. The mean follow-up was 50 months (26 to 88).
A devastating and costly complication of total knee arthroplasty (TKA) is deep infection. Prophylactic antibiotics have been very effective in lowering the incidence of deep infection and recent studies have shown the incidence to be approximately 1% to 2% in general cases. [1] [2] [3] [4] [5] An increased incidence has been reported in patients with diabetes. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] There are many reports of the use of systemic antibiotics and antibiotic-impregnated cement [5] [6] [7] [8] [9] [10] [11] [17] [18] [19] [20] [21] [22] [23] [24] in the prevention of infection after arthroplasty, but none has focused on TKA in patients with diabetes. Our aim in this prospective study was to evaluate the effect of cefuroxime-impregnated cement on the prevention of deep infection after primary TKA in these patients.
Patients and Methods
Between 1993 and 1998, 78 consecutive primary TKAs in patients with diabetes were studied. The preoperative diagnosis in all was osteoarthritis. Patients with rheumatoid arthritis, psoriasis, previous knee surgery, any type of infection of the lower limb, osteomyelitis, malignant tumour or who were undergoing immunosuppressive treatment were excluded. All operations were performed in standard operating theatres without routine ultraviolet lights for disinfection, laminar flow or other special air handling. Isolation suits were not worn. All were undertaken using a midline incision and a medial parapatellar approach. In all cases the prosthesis used was the Duracon (Howmedica, Ireland) fixed in a hybrid form, the femoral components being uncemented, and the patellar and tibial components cemented (Simplex P, Howmedica). The same surgeon (F-YC) performed all the procedures. The patients were separated into two groups according to the number on their medical records. In group 1, cefuroxime-impregnated cement 13 (2 g of cefuroxime in 40 g of Simplex P cement) was used to fix the patellar and tibial components in patients with odd numbers. In group 2, Simplex P cement without cefuroxime was used to fix the patellar and tibial components in patients with even numbers. For patients undergoing bilateral TKA, cefuroximeimpregnated cement was used on one side (group 1) and not on the other (group 2). All bilateral TKAs were undertaken in sequence under different anaesthetics. Six patients in group 1 and five in group 2 underwent bilateral TKA. Group 1 therefore comprised 41 knees (35 patients) and group 2, 37 knees (32 patients). The mean age of the patients in group 1 was 72 years (56 to 90). There were 21 left knees and 20 right knees. Group 2 comprised 32 patients with a mean age of 69 years (54 to 81). There were 21 left knees and 16 right knees. In group 1 three patients had insulin-dependent diabetes mellitus (IDDM) and the remainder non-insulindependent diabetes mellitus (NIDDM). In group 2 four patients had IDDM and the remainder NIDDM.
Each patient received intravenous cefazolin (500 mg) and gentamicin (80 mg) preoperatively, and cefazolin 500 mg six-hourly and gentamicin 80 mg 12-hourly for 36 hours postoperatively. Thereafter, cefazolin (500 mg six-hourly) was given orally for seven days. Drains (not vacuum) were retained for 36 hours. The patients were maintained on bedrest for the first day after operation, quadriceps exercises and continuous passive motion (CPM) being prescribed immediately. The latter was continued until the day of discharge. Weight-bearing on the operated knee was allowed immediately and crutches used as needed. The mean length of hospital stay for all patients was 8 days (5 to 14).
The patients were reviewed at three and eight weeks and at six months. Thereafter, follow-up was at six-monthly intervals. The mean follow-up period was 50 months (26 to 88). For each patient we recorded the duration and type of diabetes, its treatment, intraoperative tourniquet times, operating times, volume of blood transfusion, pre-and postoperative blood sugar levels, pre-and postoperative knee function, and the incidence of superficial and deep infection (Table I) . Radiological evaluation was performed at each review. Functional evaluation began at the third postoperative visit using the Hospital for Special Surgery score (HSS score). Infections were classified according to the system described by McQueen et al, 13 and confirmed by measurement of the ESR and level of C-reactive protein (CRP) and culture of joint fluid. The data were analysed by SAS (SAS Institute, Cary, North Carolina) and represented as the mean and standard deviation for continuous response variables or percentages for discrete variables. Fisher's exact test was used to compare differences between the two groups for each discrete variable, and Student's t-test for each continuous variable. Significance was set at p ≤ 0.05 for each test.
Results
In both groups there was one case each of early superficial wound infection which was satisfactorily treated by wound debridement and antibiotics given intravenously for one week and orally for another week. There was no statistically significant difference between the incidence of superficial infection in the two groups (p = 0.835). There were no cases of deep infection in group 1. In group 2, there were five deep infections (13.5%). All were in patients with unilateral TKA. Before developing deep infection, the wounds had healed at the time of discharge and had remained satisfactory at the first follow-up. The incidence of deep infection between the two groups was significantly different (p = 0.021). The relative probability of not developing a deep infection in group 2 was 0.865 times lower than in group 1, with a 95% confidence interval (CI) of 0.769 to 0.973. There were no statistically significant differences in the recorded data between the patients with deep infection and those without (Table II) . Apart from two patients with deep infection which was managed by two-stage reimplantation, none had loosening of the implant by the final follow-up. A comparison of the postoperative HSS knee scores showed statistically significant differences (Table I) caused by the five cases of deep infection in group 2. With the exception of these, all knees were rated as excellent or good at the final follow-up.
In group 2, the first infection developed in a NIDDM 67-year-old man two months after surgery. Culture of joint fluid grew Staphylococcus epidermidis which was sensitive to cefazolin and gentamicin. The ESR was 100 mm/hr and the CRP 6.8 mg/dl. The second was in an IDDM 70-yearold man six months after surgery. Culture grew Staphylococcus epidermidis which was sensitive to oxacillin and gentamicin. The ESR was 120 mm/hr and CRP 15.0 mg/dl. The femoral component was loose. The third was in a NIDDM 72-year-old man approximately one month after surgery. Joint fluid culture grew Staphylococcus aureus which was sensitive to cefazolin and gentamicin. The ESR was 100 mm/hr and CRP 10.0 mg/dl. The fourth developed in a NIDDM 73-year-old man approximately three months after surgery. Culture grew Staphylococcus aureus, which was sensitive to oxacillin and gentamicin. The ESR was 110 mm/hr and CRP 9.0 mg/dl. The fifth was in a NIDDM 67-year-old man approximately six months after surgery. Culture of joint fluid grew methicillin-resistant Staphylococcus aureus which was only sensitive to teicoplanin and vancomycin. The ESR was 120 mm/hr and CRP 16.0 mg/ dl. It was not possible to establish a source for the infection in any of these cases. A satisfactory outcome followed radical debridement, intravenous antibiotics (according to sensitivities) for four weeks and oral antibiotics for two months in the first, third and fourth patients. Two-stage reimplantation was undertaken for the second and fifth cases. No subsequent late infection has developed.
Discussion
Deep infection is a debilitating complication of TKA and has been cited as the most common cause of failure of an implant. 5, 9, [16] [17] [18] Many contributory factors have been implicated such as patient factors (local skin condition, systemic medical condition, and prior surgery, etc), operative factors (operating environment, operation course, operation suits, etc), surgical technique (implant selection, antibiotic usage, postoperative wound care, etc), and postoperative factors.
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The incidence of superficial wound infection (2.4% for group 1 and 2.7% for group 2) in our study is comparable to that of other reports. Wounds in patients with diabetes were no less likely to heal than those in non-DM patients. The major focus of our study was to evaluate prospectively the effect of cefuroxime-impregnated cement on the prevention of deep infection in primary TKA in patients with diabetes. Our patients had poor control of blood sugar and the operating environment was not modern. In such conditions, the incidence of deep infection in group 2 who did not receive cefuroxime-impregnated cement was much higher than that reported by other workers, 3, 6, 25, 28, 29 although these studies were undertaken in developed countries. Under the same conditions, group-1 patients, who did receive cefuroxime-impregnated cement, did not develop deep infection. The results for this group are better than those reported by others. The difference in the incidence of deep infection in our two groups is statistically significant. Apart from the use of cefuroxime in the cement, no other factor could be found which may have contributed to this difference. The levels of blood sugar alone were not found to contribute to the development of deep infection (Table  II) . Perhaps the higher rate of deep infection may be due to a combination of poorly controlled blood sugar and an inappropriate operating environment. 5, 17, 22, 26, 28 Comparison of the results of group 1 in our series with those of other series shows that the use of cefuroxime-impregnated cement is effective in preventing deep infection. In our cases of deep infection, one patient had IDDM and the remaining four had NIDDM. There thus appears to be no higher risk of deep infection occurring in TKA in patients with IDDM compared with those with NIDDM.
The functional results for our series were comparable to those of other series of non-diabetic cases but the follow-up period was too short to allow firm conclusions to be drawn.
Antibiotic-impregnated cement serves as a form of prophylaxis but is only one factor contributing to the prevention of infection in TKA. In this prospective study, no infection developed in patients who had cefuroximeimpregnated cement. This does not suggest that cefuroxime-impregnated cement alone will prevent deep infection; systemic antibiotics were also used in all cases. We used a lengthy, seven-day course of systemic antibiotics because our operating environment was poor and our patients were also in a poor state of hygiene. We are trying to shorten this regime by using antibiotic-impregnated cement.
When performing TKA a surgeon must pay particular attention to asepsis and the administration of antibiotics. The main effect of antibiotic-impregnated cement is to offer local resistance to infection in the postoperative period. Mixing antibiotics with cement is a simple procedure which reduces the incidence of deep infection after TKA. Many antibiotics can be added to cement with only minor adverse effects on the properties of the cement. Up to 2 g of antibiotic powder can be added to a 40 g pack of cement without affecting static tensile and compressive strengths of the material, although the fatigue strength may be reduced, with, however, no adverse effect in clinical use. 25, 29, [30] [31] [32] [33] The choice of cefuroxime in our series was based on its thermal stability, biological effectiveness in cement and good clinical results from earlier studies. 1, 4, 13, 23, 25, 30, 31 The addition of 2g of cefuroxime will add approximately 10 US dollars to the cost of TKA. Our report is the first to evaluate the effect of cefuroxime-impregnated cement on the prevention of deep infection at primary TKA in patients with diabetes. We recommend its use, particularly in patients with poor control of blood sugar or when the operation is undertaken in an inappropriate environment.
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